Abstract. The article describes the development of service-oriented computer system for situational management of industrial enterprise waste management and decision support systems in a production environment. The software is based on mathematical model, which allows to solve optimization problems in the subject area and to analyze the results.
Introduction
Today the problem of fibrous waste disposal (waste paper, short fibers from the shearing of artificial fur, leather waste in the form of chrome shavings and, glass, asbestos, carbon and metal fibers, etc.) is vital.
All processes of the fibrous waste recycling are significantly dependent on factors of external environment (weather, wind conditions, and, above all, from the salt composition of water used).
There is no only one optimal technological regime of utilization. It is necessary to develop a response to environmental changes, correcting values of the process control effects. An analysis of the collected data reveals hidden patterns and gives the opportunity to calculate, but not to guess the necessary corrections.
There are some examples of effective use of data mining in the processing of the results interpretation for the fixed long-term observations of an industrial complex functioning in a changing external environment. Contingency management process under these circumstances is only successful to a certain extent, depending on personal experience and qualifications. Filling the database by synchronous values of conditions and results allows, using the method of decision tree, to identify the best values of an ordered sequence of control actions [1] [2] . Inputting the linguistic variables and the use of fuzzy sets for generation of membership functions for each feature solves the problem of maximizing an integrated multi-criteria evaluation of product quality under the given conditions of the external environment [3] .
The procedure of using the database "conditions -the result" can be applied effectively by replacing the real enterprise system with adequate mathematical model. Further, the development and usage of such software is described.
Basic part
The general functioning scheme of developed computer software is shown in Fig. 1 .
In the mathematical model basis of fibrous waste disposal system laid multiplicative principle of multiple calculating of the instantaneous material balances in multitechnological system. Calculations are made through any specified intervals. Communication with flows regime parameters is provided by a set of polynomial models. The properties dependence of the final product on the material flow composition is described by a second set of polynomial models. Thus, one mathematical model combines the consumable and operational parameters with the quality of the final product, economy and environmental protection in pseudo dynamic conditions. The control system has to respond to emerging changes in parameters. Therefore, the optimizing block is included in the algorithm. The incoming information is processed in this block. In the case of the actual situation discrepancy with the specified conditions the optimization problem is solved by a issuance compromising of the necessary control pulses to the actuator and taking into account the value of the selected criteria such as for example the amount of energy and operating costs.
To formalize the procedure of material balances calculation in the dynamics all streams are encoded in the form of a two-dimensional array named as Q. The first coordinate of this vector is numbered material flows under which they appear in the flow diagram, the second coordinate -Digital index component of this flow.
The eight-numbering system will be used for the flows. Modeling undergoes a simplified flow diagram obtained after decomposition and aggregation of variables. It consists of 18 elements (process steps) involved by 42 material flows.
Information and mathematical system development was based on the results of long-term studies [1] [2] [3] [4] . For receiving the stochastic models of quality factors, information network was built on the basis of orthogonal tables, obtained by the projective geometry and Galois fields, which, after the experiments, were transformed in table specified functions. The corresponding segments of the Taylor series, bicubic spline and the Chebyshev interpolation polynomials were used as linearizing convert.
Terms of computational experiment formed three groups of independent variables: random effects, the composite structure of the fiber, controlling factors. The following random effects in models are presented: the salt content of the river water, river water temperature, pH of the river water, the solids content of the raw materials, the shelf life of raw.
The results of computational experiment (product quality) were evaluated by ten special parameters.
The system-dynamic model is implemented in simulation software AnyLogic. It allows the user to change the model, add or remove components, change the connection between them, and it does not entail a change in the developed software. In fact, the model of an industrial enterprise for the decision support system is an external component and serves as a data source.
To control the developed system with mobile devices with limited computational resources the client-server architecture is implemented. The server performs the highperformance computing, and the client is responsible for the formulation of the problems and displays the results. For greater flexibility, the system server has been implemented as a web-service that provides customers with its API in this window.
The Django platform was chosen for the development of web-service. Each component of the web-application, built on the basis of Django, has its unique assignment. Therefore, it is possible to thread measurable independency of the other components. The developer can change the URL of the application and it will not effect on its implementation. Database administrator can rename the database table and describe a change in a single place. Django provides an abstraction layer "model" for the creation of structures and data management applications.
Working with the results of computer simulations in the form of tables is impossible due to their large dimensions. Therefore, to visualize the linkages and interdependencies of all system components in the working window displays its information stream multigraph, an example of which is shown in Fig. 2 . The user can change the parameters of the system as well as evaluate its basic characteristics. The user can switch from the main presentation of the experiment on the representation of the model, which will be available to the internal variables and parameters of the model. The content of the components in any stream is displayed on the screen by clicking on the corresponding node.
Two experiments were implemented to work with the model: imitation and variation. Imitation experiment is the simulation of the industrial enterprise working in real time (Fig. 3) . The user can change the basic parameters of the enterprise, as well as to monitor both the performance of the enterprise, as well as the internal variables in systemdynamic model. The experiment is designed to vary parameters for database storage performance results of product quality, economic and environmental criteria, obtained by generating random values of selected (or all) independent variable within a predetermined range (Fig. 4) .
Features of models exceed the dimension of the problem of obtaining the results for only one particular company. The resulting database can contain thousands of rows, each of which represents a variation of the technological modes with the results of its performance under the current conditions of the external environment. Combinations of interlaced values of quality in the database can not only meet the requirements for the product range of existing enterprises but also point to the prospect of output with fundamentally new properties.
In order to get the information from the database it is necessary to formalize the quality requirements. Such production is expected to fabricate in specific operating conditions (specific equipment, the traditional range of products, competitive market move, and others.).
The methodology and the experience in building mathematical and graphic images of product quality are described in [3] . Interface and software implementation of program software allows automatic loading the database directly from MS Excel.
The results of solving multicriteria represented as a string database. Each row contains the optimal values of the control actions to ensure the best value of all quality indicators in accordance with the given set of properties taking into account all external environment conditions contained in the database (Fig. 5) .
The flexibility of the program allows you to identify the best combination of values of the control factors for selected conditions, such as salt content in river water in times of flood and drought, summer and winter temperatures. 
Conclusions
A service-oriented system of situational management of industrial complex and decision support in real-time conditions, based on the construction of optimization models is developed and analyzed. The database and software are not designed for immediate implementation in any enterprise, and revision of existing technological conditions. The main advantages of the work are its conceptual and methodological components, demonstrating the ability to adopt production to the external environment. Targeted content database in any industry can designate new areas of research innovative solutions to meet the needs of the population and to gain confidence in the economic competition. Described system as a part of the simulation model can answer the questions about maximizing quality at a given level of energy and operating costs, to minimize the cost of production for a given level of quality, etc.
